The work considers the problems of paleogenetics and anthropology connected with problem of pre-Copper Age after-Glacial repopulation process of the North-Eastern Europe. The unified data, obtained in various laboratories in 2010-2016, collects a certain amount of the ancient mt-DNA and Y-DNA haplogroup samples of the considered period, what allows establishing the connection between some of them, comparing them with the data of neighboring regions, and attributing them to certain migration flows traceable in archeology. The paper makes an attempt to build a picture of the population of North-Eastern Europe in pre-Copper Age time and to systemize the paleo DNA genotyping results into clusters corresponding to different migration waves. The paper can be of use for biomedical purposes also, as some correlations between diseases and haplogroups were noticed in various medical works.
Introduction
The interest in the origin and early localization of carriers of Y-DNA haplogroup R1a1 is serious, since this Y-DNA subclade is inherent to the significant percentage of the population of Central and Eastern Europe, India, Middle East. It is widely recognized and already proven in terms of archeology and paleogenetics that a significant concentration of R1a1 Y-DNA haplogroup was inherent to the population of European Corded Ware culture (authors note that there also existed less famous East Asian Corded Ware culture group [1] ). However, the location of R1a1 bearers of Pre-Corded Ware horizons causes debates due to a lack of experimental data. Nevertheless, over the last year such data emerged, allowing formulating a data-based hypothesis.
The domain of palogenetics is still young but rapidly developing. Much data from different archaeological cultures are obtained from different research groups. Among very profound and deep works the authors can mention [2] [3] [4] [5] [6] [7] which give the wide picture of dispersion of mitochondrial and Y-chromosome haplogroups in prehistoric and early historical layers. This works offer a certain profound conclusions of some archaeological group origins (for example, a connection between Corded Ware and Yamnaya) but the conclusions deal with Copper Age and Bronze Age Cultures.
The main aim of the work is to make a certain conjecture based on available data on the distribution of Y-DNA haplogroup R1a1 in Pre-Copper Age Europe. In spite of the scarcity of findings, the rigor archaeological attribution of the findings allows tom make a certain conclusion which reconstructs the areal. The main data contains in works [5, 6, 8, 9 ] Namely, the bearers of Neolithic R1a1 may have been concentrated in the area of Comb Ware Pottery, which precedes the Corded Ware cultures what are proven to be the areal of R1a1 dominance, and which comes from the East, as the Comb Ware potterу centers are situated in Easter European plain.
The serious importance of ancient haplogroup distribution knowledge is connected with possible correlations between haplogroups and different hereditary diseases. The ancient locations of haplogroups for which the correlations are established can point where the probability of a certain genetic illness is higher, and so the inhabitants of these areas should make genotyping more actively. For example in [10] the correlation between mtDNA haplogroups B5 and possibly V20 and Alzheimer disease probability was mentioned. This approach could also work for positive characteristics as longevity. For example, in popular and scientific literature the peoples of HunzaBurushaski and Abkhazians considered to contain higher percentage of long-living people that most other populations. Though this information is disputable and should be verified, it should be mentioned, that both peoples belong to Sino-Caucasian language macrofamily and according to [11] the spread of the languages of that kind is associated with Y-DNA haplogroups Q and R. In [12] is pointed that the representatives of old subclades of R1a were find in Iran, Eastern Turkey and Caucasus. Also, Y-DNA haplogroup R2 (~14%), related to old R1 Y-haplogroup parental to R1a1 and a high percentage of R1a1 (~25%) are inherent to Burushaski [13] . According to [14] high percentage of R1a1 (~33%) is found among Abkhazians. So the hypothesis of corresponding of the higher longevity within the bearers of the old subclades of R and R1a compared to the newer (to which many European peoples belong) could be rigorously tested and if the hypothesis is true, the factors which yield such situations should be studied.
Also the paper can be useful for popular genetic specialists themselves as they can use it to decide which new archaeological sites to study to verify the outlined hypothesis, if they are interested in Y-DNA haplogroups R and J, mtDNA haplogroups U4 and U5.
Material and Methods
The main materials for the research are data from paleogenetic samples of Y-DNA haplogroups, described in other research works, namely [7, 10, 9, 12] grouped in Table 1 .
All these results were obtained by the defining haplogroups of the ancient genomes by the genotyping procedure.
In [5] the insolution hybridization capture was used to enrich next generation sequencing libraries for a target set of 394,577 single nucleotide polymorphisms (SNPs) ("390k capture"), 354,212 of which were autosomal SNPs that have also been genotyped using the Affymetrix Human Origins array in 2,345 humans from 203 population.
In [8] the DNA was extracted by the CTAB method. To avoid the effects of degradation, the amplification of HVS1 mtDNA was conducted with the help of single round PCR represented by four overlapping amplicons.
In [6] in-solution hybridization was also used with synthesized oligonucleotide probes to enrich promising libraries for more than 1.2 million SNPs ("1240k capture"). The targeted sites included nearly all SNPs on the Affymetrix Human Origins and Illumina 610-Quad arrays, 49,711 SNPs on chromosome X and 32,681 on chromosome Y, and 47,384 SNPs with evidence of functional importance. To learn about the history of archaeological cultures for which genomewide data was reported for the first time, were studied either 1,055,209 autosomal SNPs when analyzing 230 ancient individuals alone, or 592,169 SNPs when co-analyzing them with 2,345 present-day individuals genotyped on the Human Origins array.
In [9] to reduce the effects of post-indexing contamination, raw reads were retained if the Hamming distance for the observed index was within 1 base of the expected index. Adapter sequences were trimmed from the 3' ends of reads using cutadapt version 1.3 (ref. 35) , requiring an overlap of 1 bp between the adapter and the read. As ancient DNA damage is more apparent at the ends of sequences, the first and last two bp of all reads from the deep sequencing phase of analysis were removed using SeqTK. A minimum read length of 30 bp was imposed. Sequences were aligned using Burrows-Wheeler Aligner (BWA) version 0.7, with the seed region disabled, to the GRCh37 build of the human genome with the mitochondrial sequence replaced by the revised Cambridge reference sequence (NCBI accession number NC_012920.1). Sequences from the same sample were merged using Picard MergeSamFiles and duplicate reads were removed using SAMtools version 0.1.19. Average depth of coverage was calculated using genome analysis toolkit (GATK) Depth of Coverage and indels were realigned using RealignerTargetCreator and IndelRealigner from the same suite of tools. Only data from the deep sequencing phase of the project (100 bp single-end sequencing on a HiSeq ,000) were used in the subsequent analyses.
The main research method of this paper is the interpretation of recently obtained genetic data, which is compared with archaeological cultures distribution. To support some conclusions, data on mtDNA haplogroups was also used as supplementary instrument. One of the most well studied Eastern European archeological sites is the Yuzhniy Oleni Ostrov burial on the shores of Lake Onega (Karelia, Russia) and it is dated back to the developed and late Mesolithic period of VII-V millennium BC. Three individuals from the Yuzhniy Oleni Ostrov, who lived 7500 years ago (UZOO-7, 8 and UZOO-UZOO-74), possessed a non-existing now in Europe mitochondrial haplogroup C1f [2] . Also among the burials of Yuzhniy Oleni Ostrov were found mitochondrial haplogroups U4, U2e, U5a [3] , J and H [4, p. 36]. The Mesolithic inhabitant of Yuzhniy Oleni Ostrov (burial № I0061) possessed Y-chromosome haplogroup R1a1 (SRY10831.2, M198-subclade) [5] and mitochondrial haplogroup C1g (formerly C1f) [5] . The other Mesolithic inhabitant of Yuzhniy Oleni Ostrov (I0221 / UZ0040) possessed Y-chromosome haplogroup J, and mitochondrial haplogroup U4 [6] . This way, the southern Neolithic influences on Yuzhniy Oleni Ostrov seem to be strongly probable and they could be originated from the Neolithic tribes of Comb Ware cultures.
R1a1 in Serteya Culture (Western Russian Plain)
The Usvyaty Culture or the Usvyaty level of Serteya culture is another area of finding of an (Artemenko, 1954; Kalechits, 1987) and Lithuanian territory (Rimantane, 1966 and 1973 So forth, the zone of Neolithic cultures of Serteya region was within the bigger zone of comb ceramics culture of Eastern Europe. During early stages, the eastern connections were prevailing, but then the west and south-west connection became defining. Usvyaty stage emerged after Comb Ware domination and moreover has definite Central European connections.
R1a1*-M459+, M198-in Khvalynsk-II burial (Steppe Volga Region)
The mentioned before connection between Serteya and the Low Volga Region lead us to the analysis of Khvalynsk-II burial, which also belongs to the pre-Corded Ware comb-stroke ornament group: «Khvalynsk culture can be characterized by flat-bottomed and sharp bottomed ware … The analysis of the ceramics of Khvalynsk culture shows that it definitely does not belong to the Corded Ware areal, and can be referred to as belonging to the cultures of comb-and-stroked pottery.
The areal of Comb Pottery cultures. Y-haplogroup J2b as a possible companion of R1a1 on Neolithic sites
The analyzed material showed that the discovery of Y-haplogroup R1a1 bearers in pre-Corded Ware sites happens in the areas influenced by cultures of comb-stroked ceramic, and everywhere the presence of a comb ornament is noticeable. In the context of the analysis of cultural influences in the Eastern Europe, it is necessary to distinguish between stroked and comb pattern. Comb pattern is traditionally considered to be brought about from the north to the south of This way, according to D. Gaskevich we see in the Eastern Europe only a small episode of a big process, which took place from Sahara to Trans-Urals and from Marocco to the Levant. Probably, the early appearance of ceramics in Samara region and in the Mideterranian area are two faces of one wave of the spread of the Neolithic technologies. The ancient subclades of Y-DNA R1b haplogroup can be detected both in the Volga-Ural region and in the Northern Africa, and the Neolithic findings of R1b are attributed to the Elshanskaya (Lebyazhinka IV) and Els Trocs cave (Spain). At the moment of writing the paper the opinion about the spread of R1b Y-haplogroup carriers from the Eastern Eurasia is dominating, and in moving westward the R1b (and may be R1a) bearers of ceramic Neolithic technologies could obviously merge with the carriers of other haplogroups, J among others.
As D.L. Gaskevich refers to the initial spread of the Neolithic within the Eastern Europe, we should consider the issue of the genetic reflection of this process and specify the genetic map of the North Black Sea Region and the adjust territories in the period, preceding the Mediterranean ware adoption (though, there is another possible address of this initial spread, namely Elshanskaya culture and its derivates up to the Crimea). In VIII-VII millennia BC the North Black Sea Region was inhabited by the bearers of the Kukrek and Zimnikovskaya cultures [28, Pre-Neolithic Bug-Dniester culture developed on the basis of the Kukrek one. As the above mentioned Satsurblia and Kotias burial grounds, genetics of which contains the male haplogroup J refer to the habitat of Imereti culture, we can make the conclusion that one of the subclades of the haplogroup J could have been spread across the North Black Sea Region in the pre-Neolithic period (common epi-Gravettian tradition). The mentioned migration by D.L. Gaskevich is supported by genetic data, if we consider that its representatives were the bearers of subclade J2b Y-haplogroup J. Nowadays subclade J2b is widely spread within the zone of ancient migrations of cardial tribes (Fig. 2) . [32] . V.A. Yurchenkov in his book, which is the review of academic research, says about the prevailing comb nature of Moksha river area ware: «There are 20 memorials with the so-called comb-stroke ware in the Moksha basin. The prints of comb stamp prevailed in the ware decoration; the share of stroke ornament is low» [33, p. 113] . Thus, the penetration of J2b into Mordovia territory can be explained by the migration from the south, and the Mordovian J2b peak can be explained by the fact that the population of comb-stroke ware had not left the territory.
Secondly, Saami J2b phenomenon. The Saami have the reputation of the relict, some kind «reserve» of the ancient genes of Europe (and the bearers of the considerable pre-Uralic language substrate), that is why it is not surprising that one of the first Neolithic migrations to the European continent could be preserved in the genes of this isolated northern people, unaffected by «Indo-Europeanization» [34] . The population of the Saami within Kola Peninsula contains about 14% of haplogroup J2b [35] . As the Comb Ware cultures in pure form were displaced to the north of the Eastern Europe in early Bronze Age, it is quite possible that their creators could have played an important role in the Saami formation.
New findings of 2016 year in Germany
Thus, we can suppose that haplogroup R1a1 could be found in the wide range of comb-stroke cultures, especially comb ware cultures often accompanied by J2b (at the north-west area -in Karelia and Mordovia exactly comb cultures exist in the considered period) in the Neolithic horizons. Besides, it is also possible that the epicenter of the spread and divergence of modern most widespread subclades R1a1 (M198+, M417+) was located to the west of Serteya, which is indicated by the relations of Serteya culture with the funnel beaker (developed on the basis of Ertebelle) and Narva cultures (Fig. 3) . [5] .
In [36] we discussed two possibilities. The first is that Y-DNA R1a1 could be ultimately a Zarzian marker which denotes the representatives of mesolithic cultures who came to Karelia from the South-East from the Caspian seashores (possibly via the Black sea region). The second is that R1a1 could come from the East or Central Asia in paleolithic time. The newest archaeological findings allow us to support the Zarzian point of view.
In the Northern Germany, where "Mesolithic in different forms continued along with the existing agrarian societies of the Central Europe" [37, р. 151], very interesting burial ground were found in recent years, which can be compared both with the Southern Scandinavia and Yuzniy Oleiny Ostrov burial (standing burials) (ibid). There is the theory that such unusual type of burial is the result of oriental influence (ibid), and this influence needs feasible explanation. Micro-blade techniques, which appeared in the Atlantic period and some forms of ware of the early V millennium BC also point at the oriental influence in the region (ibid). The priority of the oriental center of the mentioned influences in comparison with the west regions (Northern Germany) is determined by dating of the Yuzniy Oleiny Ostrov burial grounds (most of the burial grounds date back to the middle VI millennium BC [38, p. 307-464]).
Analogies of North German post-Mesolithic cultures and Yuzniy Oleiny Ostrov are found in such technology, as ware organic additives (fluff chamotte), which is rare for the early European Neolithic. Such types of ware are found within Karelia area in the beginning of V millennium BC [39, p. 249] [46] . Y-DNA haplogroup J [6] , which is mainly spread within the Middle East also points at the southern nature of the population, as well as presence of mt DNA haplogroups J and H [2] .
As we mentioned in our earlier work [47] the presence of eastern mtDNA C (which was attested in Yuzniy Oleniy Ostrov) is also attestable in southern regions (Dnieper-Donetsk culture). The Elshanskaya culture male sample was genotyped and Y-DNA haplogroup was R1b1-L278 [5] . In latter Khvalynsk culture we see both R1b1-M415 and R1a1-M459 [6] (and possibly M198-[15]), so the same picture could be possibly extrapolated to Elshanskaya (presence of R1a1-M459, M198-). The appearance of Karelia-type burials in the Ertebølle period and the spread of Elshanskayatype ceramics with organic component allows to propose a hypothesis that the bearers of the new influences were the Zarzian migrants who moved west via North-Eastern Europe.
Another argument for Zarzian or related influence is that two other waves of Yuzhniy Oleni Ostrov populating are profoundly connected with Northern Europe and were already present near the Northern Germany region to the time of new burial style arrival.
In our previous work [46] we showed that besides Zarzian, the culture of Yuzhniy Oleni Ostrov burial can have other sources: Veret'e, Askoula-Suomusyarvi, Swiderian-Butovo cultures. The bearers of mitochondrial DNA U4 and U5a in the burial grounds point at the migrants from the regions of Europe. The emergence of U4 within Lake Onega has analogs in the Kunda culture in Lithuania (aged 6350 BC) [48] , although Gotland island can also be the intermediate point (as mesolithic U4 were found there). MtDNA bearers of U4 in Germany also found in Bad Dürrenberg (aged 6850 BC) (ibid), in Sweden -Stora Förvar cave, Stora Karlsö Island [49] . Generally, subclade U4 was not still found in Paleolithic Western Europe [7] , but exists in Central Europe eastward, for example, in Veret'e culture [3] (Popovo burial ground). Thus, its starting dispersal point could be connected with East-European final Paleolithic, even possibly Swiderian culture or its substrate, as Veret'e is similar to post-Swiderian cultures -Butovskaya and Kunda ones.
«Veret'e culture (Oshibkina, 1983 (Oshibkina, , 1989 (Oshibkina, , 1997 Oshibkina, 1989 [50] .
U5 is the mitochondrial group, typical to the Upper-Paleolithic cultures like Gravettian one [51] and the dispersal routes of U5a bearers across Europe are concerned with the Central Europe (U5b prevailed in the west of Europe in Paleolithic-Mesolithic), rather than with the Western one. U5a seems to mark some migration (unknown to the archeologists) of the final Palelithic or early Mesolithic from the Danube (possibly where Dolni-Vestonice site was located, although this location dates back to the XXV millennium BC) (ibid) to Central Germany, where the route of the U5a bearers divides into two subclades U5a1 and U5a2.
Haplogroup U5a1 is the most probable for the U5a bearer in Yuzhniy Oleni Ostrov. The bearers of U5a spread far beyond Scandinavia and Baltics. Bearers of this haplogroup can be found in Chekalino culture -about 7800 BC [48], Lebyazhinka IV [5] culture of the VI millennium BC (ibid) and Lokomotiv burial ground of the Kitoy culture at the Angara (6100-4900 BC) [52] . The latter enables to affirm that the Kitoy culture, which some researchers consider as the ancestral for the Altai-language nation or at least for the part of it [53] , may be connected with some Mesolithic migrations from the more westward regions. The analysis of the burial grounds of Bolshoi Oleniy Island [3] , Lebyazhinka IV and the later cultures shows the existence of subclade U5a1 [5] . The work [3] shows similarity of populations of Yuzhniy and Bolshoi Oleniy Ostrov. This haplogroup was also found in Mesolithic Sweden (Motala burial). The latter two arguments make the existence of U5a1 in Yuzhniy Oleniy Ostrov the most possible.
Swedish burial ground Motala contains burials with a bunch of mitochondrial DNA: U2e, U5a1, U5a2, U5a2d [54, 9] . The fixed subclade U5a2 in Les Closeaux (Rueil-Malmaison) location, dated back to 8870 BC [7] and German subclade U5a2c3 in Blätterhöhle, dated back to 8638 BC [55] could be considered as the similar for Motala subclades. It is possible to consider that Motala subclades were brought from the Western or Central Europe in the period, synchronous to Yuzhniy Oleni Ostrov burial and the center of it dispersal was continental Western-Central Europe.
The possible candidate, which could have brought U5a to Yuzhniy Oleniy Ostrov is AskolaSuomusyarvi culture, possibly originating from final Paleolithic Ahrensburg culture (influenced by Hamburg final Paleolithic culture) [56, p. 185] . Though this culture differs from Motala, its population could more possibly have mitochondrial DNA U5a1, as well as the other cultures originating from Ahrensburg culture.
The possible tracks of mtDNA lineages to Karelia (Yuzhniy Oleni Ostrov), as they are seen according to contemporary data, are outlined on Figure 4 . 
Conclusion
We can conclude that the presence of haplogroup R1a1 is strongly probable in the cultures of Comb Stamp Ware (with J2b bearers as well) in the Neolithic context. But though the origin and the trace of R1a1 migration is still unclarified and more data are needed, the new archeological findings gives arguments for South-Eastern migration via the Baltic sea region to the Northern Europe which can be possibly accompanied with the Comb-Stroked Ware pottery with organic components.
